To investigate the strength of social motivation and the motives underlying social contact in farmed silver foxes (Vulpes vulpes), we housed six young vixens continuously in a closed economy operant apparatus and measured their 'maximum price paid' when required to perform a task to obtain unrestricted social contact or food (a 'yardstick' resource). In the former trials, vixens of the same-age and origin acted as stimulus animals (N = 6), and both test and stimulus foxes could decide their own visit durations to a shared compartment. Their motives for visiting this 'social compartment' were examined by recording their behaviour during social contact. When access was almost free (a baseline fixed ratio schedule of 1) the test vixens visited the stimulus fox 30.3 AE 4.3 times and spent 45% of the time together per 24 h. The stimulus foxes spent on average 80% per 24 h in the shared compartment and visited this cage 40.7 AE 9.6 times per 24 h. When higher costs were imposed, the test vixens proved willing to pay to access the stimulus vixens and the average maximum price paid for contact was 38.3 AE 8.3% of the price paid for food when hungry. During the time spent together, the stimulus foxes made use of their opportunity to leave the cage, on average 1.43 AE 0.20 times per visit. The behaviour recordings showed that during initial encounters the vixens would fight to establish dominance, and in four of the pairs the test subject emerged as the dominant individual. However, during subsequent interactions, no serious aggression was recorded and social behaviour was characterised by higher levels of sniffing and grooming (23.7 AE 4.3 times/h), play signals (10.5 AE 4.1 times/h) and agonistic displays (5.5 AE 2.5 times/h). Not all of the time together was used for social interaction and during the observation period, the vixens allocated 33.1 AE 6.9% of the time to synchronous resting. We conclude that young silver fox vixens were motivated for social contact, and that this contact was beneficial for welfare due to the low level of aggression and the occurrence of grooming and play. #
Introduction
When farmed silver foxes (Vulpes vulpes) are kept commercially for fur production, breeding animals of both sexes are singly housed in wire mesh cages for most of the year. Breeding females (vixens) are normally housed singly except for 8 weeks each year when caring for their cubs and they may be kept for breeding purposes for up to 5 years. This is in contrast to the natural social structure of these animals. The wild counterpart of the silver fox is the red fox, a widespread member of the Canidae that occupies a broad range of habitats (Ables, 1975; Zimen, 1980; . The social flexibility of red foxes is relatively well known (e.g. Macdonald, 1983; Cavallini, 1996) . Family units may consist of: male-female pairs (e.g. Niewold, 1980) , groups of one dominant male and several females (vixens) of varying social status, rarely including subordinate males (e.g. see Baker et al., 1998) and occasionally single mothers (e.g. Zabel and Spencer, 1989) . However, in urban areas such groups may consist of up to 10 individuals (Baker et al., 2000) and multiple paternity may occur in 38-69% of litters . In nature, single red fox vixens have great difficulties in raising their offspring (Zabel and Spencer, 1989) and sub-adult vixens may delay dispersal (e.g. von Schantz, 1981) , resulting in a female-biased social group where several vixens share reproduction, or nonreproducing vixens act as helpers (Macdonald, 1979) . In such groups, dominance relationships will affect the partition of roles (breeding or acting as a helper). However, for the establishment of such constellations, it is required that both vixens are motivated to do so, i.e. the motivation to form social bonds should be present. Social motivation in females may thus be the proximate mechanism responsible for the formation of such groups, a theory supported by the findings of Harris and White (1992) that more females than males were groomed (measured as the extent of chewing on ear tags) by other family members.
Farmed silver foxes will likewise form social groups when housed together in ground floor enclosures and their social and reproductive behaviour is similar to groups of wild red foxes, e.g. during autumn social distance and aggression increase between family members, paralleling the mechanisms responsible for dispersion in wild foxes . It is thus reasonable to believe that the motivation to socialise is present in farmed silver fox vixens. However, the strength of their motivation and their motives for social contact has not been investigated. Could enhanced social contact be beneficial for farmed vixens? Social contact appears to provide welfare benefits in other social species. For example, isolated rats show higher levels of stress (e.g. Hurst et al., 1998) , as do isolated primates (e.g. Boccia et al., 1991; Novak et al., in press) ; the proximity of conspecifics can reduce stress responses to acute stimuli (e.g. in guinea pigs; Sachser et al., 1998) ; and social behaviours like grooming can have directly calming effects (e.g. in zebras and horses; Andersen, 1992; Feh and de Mazieres, 2003) . In silver foxes themselves, it has been suggested that social housing may prove beneficial, especially during the summer, prior to the period of natural sub-adult dispersal . However, potential problems, such as aggression may occur during social housing, both in farmed fox species (Ahola et al., 2000 (Ahola et al., , 2001 (Ahola et al., , 2005 and many other captive social animals housed in groups (e.g. pigs; Marchant et al., 1995; calves, heifers and cows; Bøe and Faerevik, 2003) . It is also clear that vixens can have other, more subtle detrimental effects on each other, e.g. reproductive suppression (Bakken, 1993) .
One way of judging how the costs and benefits of social interaction compare is to quantify the animals' own preferences (e.g. Patterson-Kane et al., 2002) . Operant methods are frequently used for measuring motivational strength and resource value in farm animals (e.g. Dawkins, 1983; Jensen et al., 2005) . In general, the subjects are trained to perform various tasks (e.g. pulling a loop, pressing a lever) to access resources and measures of motivation are based on elasticity calculus (e.g. Matthews and Ladewig, 1994) or maximum operant responding (e.g. Bokkers et al., 2004; Cooper and Mason, 2001; Kirkden and Pajor, 2006) . Food is frequently used as a 'yardstick' resource (e.g. Cooper and Appleby, 2003; Mason et al., 2001; Warburton and Mason, 2003) . At present, the strength of social preferences in silver foxes is weakly documented (Hovland, 2005) , and the aim of this experiment was to start investigating it in more detail. Our first aim was to examine whether vixens find contact with a conspecific reinforcing, and if so, to measure the strength of their motivation for social contact. To measure motivational strength for unrestricted social contact, our research group developed an operant apparatus in which subjects could work in a closed economy for bouts of access to a companion whose duration was unlimited (Hovland, 2005; Hovland et al., 2006a,b) . The main motivational measure used was the 'maximum price paid' (e.g. Cooper and Mason, 2001 ), a valid index of motivation in a set-up such as ours, where animals could decide their own bout lengths when interacting with the test stimulus (Hovland et al., 2006a,b) . In addition to such data, information on the behaviour of the animals is needed to examine their motives for seeking intraspecific contact, as a means to establish its potential welfare consequences. For instance, animals might seek social contact in order to establish or maintain dominance relations through aggression (e.g. during the mixing of unfamiliar pigs; Rushen, 1987) , for play or other mutually beneficial activities (e.g. play in calves; Jensen and Kyhn, 1999; allogrooming in mink; Pedersen et al., 2004) , or fearful individuals may seek others for protection or safety (e.g. grouping as an antipredator strategy in grazing sheep; Hansen et al., 2001 ). In our own operant studies, we found that male silver foxes tended to threaten another male, suggesting that socially housing males would not improve their welfare (Hovland et al., 2006a,b) . Our second objective was thus to ascertain what behaviours occur between vixens during social interaction and whether this is affected by social status.
Materials and methods

Experimental animals, feeding and housing
Six 7-8 month old silver fox vixens from a standard commercial line acted as test subjects. Six vixens of the same age and origin were chosen as potential companions (i.e. 'stimulus foxes').
The test and stimulus foxes were originally selected from 34 cubs, pre-screened to confirm that they were suitable for testing in the apparatus (for details, see Section 2.3). From weaning to the start of training, these cubs were pair-housed in wire mesh cages measuring 75 cm Â 100 cm Â 110 cm with access to a resting shelf and an activity object. The cages were located inside a standard, uninsulated fox house. The cubs were fed ad libitum once a day and had free access to water from an automatic watering system. During training, cubs were housed in two separate training cages. Two different training cages were used because they contained different types of gates; one with flap doors only and the other with both flap doors and sliding doors. There were two food trays and two drinking cups inside the training cages and the cubs were fed ad libitum once a day and water was replenished three times a day. Operant tests began at the age of 7-8 months. During these tests, the vixens were housed continuously inside the apparatus (Fig. 1) . In between the trials, the subjects were singly housed in standard fox cages of the type described for cubs.
Apparatus
The operant apparatus consisted of four cage units made of standard, plastic-covered wire mesh (see Fig. 1 ). To ensure that social interaction only took place in the resource cage and to prevent the foxes from entering each other's home cages a door-lock system and collars were used (see details below). The central operant cage was attached to a resource cage and a control cage, and the stimulus fox home cage attached to the resource cage.
The operant cage was the test subject's home environment. Feeding trays, drinking cups and mesh resting platforms were mounted here and two operanda were located on opposite walls. The stimulus fox cage adjoining the resource cage was the home cage of the 'companion'. The space in this cage was restricted to motivate the stimulus fox (i.e. the resource) to stay inside the resource cage. This cage also contained feeding trays, drinking cups and platforms. The test subject had access to the resource cage and the control cage, but could not enter the stimulus fox cage. The 'companion' was allowed access to the stimulus fox cage and the resource cage only. During the experiment, increasing costs were imposed for access to the resource cage, but the control cage was always maintained at almost free access (FR1). This was to control for the effect of the extra space provided in the resource cage, and thus to ensure that motivation to access the resource cage could be attributed to the presence of the resource and not the cage itself. In this study, no data are presented on the test foxes' use of the control cage. Two aluminium one-way gates, one for entrance and one for exit connected each pair of cage units (for a more detailed description of the gates, see Hovland, 2005) . All gates were equipped with a micro-switch for exact logging of time data. The test subjects and the stimulus foxes were provided with a collar for opening the exit gates. The collars were made of 3 mm thick polyethylene and were equipped with a transmitter in a PVC cover measuring 50 mm Â 30 mm Â 57 mm. The total weight of collar and transmitter was 120 g. Because some of the collars were chewed and destroyed during the social test, these were replaced by similar metal collars. A rubber-coated metal chain (42 cm) shaped as a loop, was chosen as the operandum. The force required for a validated pull could be varied, but was set at 0.5 kg force during the experiment. To register the number of completed pulls, a micro-switch was mounted on the operandum and connected to a computer interface (LabView, National Instruments). To allow the fox to enter the resource (or control) cage, the computer counted the required number of pulls and signalled to a gate controller mounted on top of the gate to open the door to the resource (or control) cage. During the experiment, the door was kept open for 10 s to allow the fox to enter before it was closed automatically. Each apparatus was mounted on stilts 1 m above ground level and a total of six units of the apparatus were used. They were placed 2 m apart in parallel rows inside the shed. Thus, the experimental animals could see and hear each other during the experiments. During the social trial, the foxes had shared access to the resource cage. Further, the stimulus fox had exclusive access to the stimulus fox cage whereas the test fox had exclusive access to the operant compartment and the control cage. In the food trial, the test fox could access the resource cage and the control cage.
Training procedure
Training of the cubs was initiated just after weaning at 8 weeks of age. Thirty-four cubs were habituated to the presence of people and novel situations by daily hand-feeding of titbits and by providing access to various activity objects (elk bones, hemp ropes, empty soda bottles with pebbles, Swedish turnip). Four of the cubs were excluded from further training due to fear of people. The remaining 30 cubs, at the age of 4-6 months, were put into two training cages with gates and doors similar to those inside the operant apparatus, but without door locks. Because farmed silver foxes are easily startled by novelty, a domesticated silver fox male, already experienced with the operant apparatus, was housed together with each pair of cubs inside the training apparatus. The cubs and the male were housed for 1 week inside each of the training cages. The cubs that entered the gates successfully during the training session and behaved calmly (absence of aggressive attacks) when handled by humans were chosen for testing in the experimental apparatus. The test subjects and the stimulus foxes were trained separately.
During training of the test subjects the opening times of the motorized gates leading to the resource and control cages were gradually reduced from 30 to 10 s. All of the vixens that pulled the operandum and visited the resource cage within 3 days were trained to pull the operandum for 5 weeks and were put on a steadily increasing response schedule up to DRH50 (for details see below) for proper establishment of the pulling response. To possibly elevate the subjects' motivation to enter the resource cage, a nest box was placed in the cage. At the end of the training session, all of the test subjects entered the resource cage at least once per day at DRH50. At the same time, the foxes had access to an empty control cage at FR1 and an additional selection criterion for test subjects was a minimum of one visit to this cage per 24 h. A total of fourteen 6-month-old cubs were assessed as test subjects in the operant apparatus, and six of them reached the training criteria.
During training of the stimulus foxes the foxes had access to the gates leading to and from the stimulus fox cage. The criterion for choosing vixens as stimulus foxes was that they successfully entered the different gates more than five times during 24 h. A total of eight vixens were tested as stimulus foxes, and six of them reached the training criterion within a 48 h period.
Altering costs of access
The reinforcement schedule used was 'differential reinforcement of high rates' (DRH; Chance, 1999) , wherein a certain number of pulls must occur within a fixed amount of time. A punishing effect can thus arise if responding is too slow, or if the subject delivers pulls at random, because when the timer 'zeros out' the subject must start all over again to complete the schedule. The DRH schedule therefore ensures that the animal keeps on working at a constant rate, and it may generate extremely high rates of responding (Chance, 1999) .
Based on previous tests (Hovland, 2005; Hovland et al., 2006a,b) , a schedule allowing 4 s per pull was chosen. Prior to the start of trials, the foxes were put on a fixed ratio schedule of 1 (FR1) for a habituation period of 2-4 days. Subsequently, an ascending series of costs was imposed, the cost being increased every 24 h until the fox stopped visiting the resource. The cut-off used for calling it the maximum price paid was 24 h. Then the response schedule was returned to FR1 for a minimum of 4 days, or until all of the remaining subjects had completed the trial. The costs were increased at 09:00 am each day using the following series: 1-4-8-16-32-48-64-80-96-112-128 , and then costs were increased stepwise, with +32 until DRH544, then +64 until DHR992 and finally +96 until the maximum price was reached.
Trial 1-motivation for unrestricted physical access to another vixen
Prior to putting the animals within the apparatus a patch of fur on the tail of each test subject was removed for individual recognition. The stimulus animals were left unmarked. Subsequently, the collars were put on and the animals were placed inside the apparatus. Subjects were given 4 days to habituate to the apparatus and the stimulus fox on FR1 prior to the start of the trial, which ran between 10.12.2004 and 17.01.2005 . The foxes were fed in the operant cage ad libitum once a day and water was replenished three times a day.
Behavioural recordings during Trial 1
Subjects were videotaped continuously (24 h time-lapse) during the social trial using six video cameras. Due to the daylight conditions and the low picture quality caused by the wire mesh, behaviour was only observable between 09:30 and 15:00. We did not use artificial light because of practical limitations (the size of the barn).
Behaviour during social interaction was recorded continuously at four different cost levels (low-medium1-medium 2-high). Because several of the behaviours appeared at low frequencies, behaviours were pooled across all cost levels. Observation time was not standardised because the test subjects decided their own visit duration. For instance, at high cost levels subjects tended to visit during the dark hours when behaviour observation was not possible. Thus, total observation time for social interaction varied between pairs, from a minimum of 70 min to a maximum of 345 min, with a mean of 198 AE S.D. 122 min for each pair.
To investigate the test subjects' motives for seeking physical contact, behaviours related to competition, play, synchronous resting and exploration were recorded (Table 1) . Apart from synchronous resting, behaviour was recorded as an event each time it occurred regardless of its duration, and as a new event when it was interrupted by any other behavioural acts. Synchronous resting was recorded as a state and the relative portion of time each pair spent resting together during the observation period was calculated. The frequency of the behaviours was calculated based on active time (i.e. total observation time minus time spent in synchronous resting). In addition, agonistic postures (Table 2 ) during the first 2-4 encounters between the test subject and the companion (on the first and second experimental days) were observed, to determine the dominance relation within each pair (e.g. Meyer and Weber, 1996) . Using this method, it was possible to establish the dominance relationship in four of the six pairs. In pair 3 none of the first encounters were of sufficient quality for behavioural recording, while in pair 6 only one encounter was available. 
Other data collected in Trial 1
The number of visits to the resource cage per cost, total time spent inside the resource cage per cost and mean visit duration to the resource cage per cost were calculated for the test subject and the stimulus fox. Since the stimulus fox was free to leave the resource cage when the test fox was present, we also calculated total time spent together in the resource cage per cost. To describe the pattern of social interaction when contact was almost free (FR1) the above-mentioned time and visit variables were also calculated for the test fox and the stimulus fox at FR1. These measures were calculated based on five 24 h periods on FR1: the first day on FR1 and four consecutive days at FR1 after the maximum price had been paid. In one pair of foxes, only the four last FR1 days were used because the test fox was taken out of the apparatus on the first day for treatment of a superficial wound, and this handling may have affected its behaviour. For one of the stimulus foxes, visit number and mean visit duration were calculated based on 2 days due to a logging error that occurred at the end of the experiment.
The foxes tended to gnaw each other's collars with the result that we had to replace some of the collars during the social experiment. Damage caused by gnawing on ear tags has previously been used as an indicator of social grooming in free-living red foxes (Harris and White, 1992) , since such damage does not occur during aggression, which is normally directed at other body parts. As a possible predictor of the direction of social grooming, we therefore recorded each instance of collar replacements, including the identity of the fox that had its collar replaced.
Because the stimulus fox was free to leave the operant cage during interactions, such terminations could possibly have reflected aspects of social tension between the animals. For example, if the motive for visiting was to maintain dominance, such visits could potentially be experienced as threatening by the stimulus fox, thus increasing its motivation to leave the cage. We therefore calculated the number of terminations by the stimulus fox by counting the number of times it left the cage when both foxes were present. To standardise this measure, we calculated relative visit terminations per cost and pair by dividing the number of interruptions made by the stimulus fox by the number of visits made by the test subject. For example, if the stimulus fox interrupted each visit once this value would equal 1, and if each visit was interrupted more than once this value would be greater than 1. 'Relative visit termination' was also calculated when visits were almost free, based on 5 days on FR1 following the same procedure as mentioned for the other FR1 variables (see above). Table 2 Ethogram of postures during agonistic interaction between silver fox vixens that were used for determination of the dominance relation between the test subject and the stimulus fox Behaviour Description Upright (mutual) Both foxes stand on their hind legs, ears turned backward. A high-intensity agonistic posture that is followed by physical attack if the opponent does not withdraw (see also The fox stands stiff on four legs, arching its back with the head pointing downwards and ears turned backwards. The fox may intensify this signal by directing its stare towards the opponent and displaying the flank (side), or moderate the signal by looking away and pointing its hind part towards the opponent (see Fox (1971) , p. 41, Fig. 4b for a parallel display in grey fox Urocyon cinereoargenteus). The more dominant fox normally uses this display Fearful submissive posture
The fox has a low body and head posture where the back is arched and curved and the legs are crouched. The ears are turned backwards (flat), the mouth is open, and the tail is low and may swipe back and forth (see Macdonald (1987) , p. 42, bottom right figure) Non-fearful submissive posture
The fox has a low body and head posture and may lie down, but not crouch or curve its body, with ears turned back and open mouth (submissive grin) and tail is pressed down or wagging. It may also try to approach the other fox by 'crawling' towards it while displaying active submission
Trial 2-motivation for access to food
To examine the relative motivational strength for social contact, the vixens' maximum price paid for access to food, a commonly used yardstick resource was measured. The subjects were given 2 days for habituation on FR1 inside the apparatus prior to the start of the experiment. The cost level was increased at 09:00 am each day, on the same schedules as used in Trial 1. No stimulus foxes were present during this test.
The food was provided in a bowl tethered to the wire mesh floor inside the resource cage. The ration size was determined after feeding the foxes 500 g standard wet paste for fur animals (Pelsdyrfôr Hamar AB) for 3 days and recording their intake; a ration of between 400 and 450 g was then delivered at approximately 09:15 each day. During the experiment, the intake of individual subjects was also monitored on a daily basis. If some of the food remained uneaten on 2 consecutive days, the ration was slightly reduced to avoid a possible loss of appetite (Hovland et al., 2006b) . The food was a standard wet paste for fur animals consisting of 50% protein, 33% fat and 17% carbohydrate with a metabolizable energy content of 115 kcal/ 100 g. Water was available from drinking cups in the operant cage and was replenished three times a day. The trial ran from 25.01.2005 to 14.03.2005.
Data collected in both trials
In both trials, the maximum price paid was recorded as the price paid the day before the foxes stopped visiting the resource. The relative maximum price for contact was calculated as the maximum price for social contact divided by the maximum price for food.
Statistical analyses
The time and visit data were analysed using paired-samples t-tests (SAS, 1990). To assess how increasing access costs affected the test foxes' use of the resource cage, the regression lines for each fox were calculated for the number of visits, total time in the resource compartment, mean visit duration and total time spent together with the stimulus fox against the costs as increased every 24 h. Gradients were then compared with no decline using a one-sample t-test against an expected slope of zero. The same procedure was also used to assess whether the stimulus foxes use of the resource cage was affected by the reduced visits from the test fox. To remove skewness from the data, the variables 'number of visits' and total time spent together' were log-transformed. Correlations between variables of interest were investigated using Pearson correlation tests. A Wilcoxon Signed-Ranks test was used to test differences in number of collar changes between the test and stimulus fox. All mean values are given with standard errors (SE). SAS 1 Enterprise GuideV2 was used for the statistical analyses.
Ethical note
In Trial 1 of this study, all foxes had the opportunity to withdraw from further contact and potential aggression from the neighbour by retreating to their respective home cages. However, at the start of Trial 1 the foxes would fight; during this time the animals were observed continuously with the potential use of intervention for the five first hours. Except for one test fox that was treated for a superficial wound, no animals were injured during this period or during rest of the study. In both trials, the foxes were checked visually by the animal caretaker three times a day. In this study, the 'cut-off' for calling an FR the maximum price paid was that the foxes stopped visiting the resource for 24 h. In Trial 2, this implied that the foxes were denied food for 1 day. Subsequent to recording their maximum price paid, the cost was set to FR1 and, to compensate, they were offered extra food. The foxes were weighed before and after the study and the body weight of all but one of the vixens remained stable or increased (0-0.5 kg). According to the Norwegian regulations for fur animals (Chapter I, § 9), foxes should be fed at least once per 24 h. This study was part of a project on social motivation in farm silver foxes that was approved by the Norwegian Animal Research Authority.
Results
Motivation for unrestricted access to a companion
The subjects were willing to pay for unrestricted access to another vixen (Fig. 2) . The maximum price paid for social contact was significantly less than the maximum price paid for food (T 5 = 3.68, P = 0.014). The maximum price paid for contact was approximately 38.3 AE 8.3% of the price paid to access food, although this varied individually from 12 to 60%.
Visits to the resource cage and time spent together when visits were almost free (FR1)
Total interaction time and total time spent in the resource cage at FR1 for the test subjects and the stimulus foxes are shown in Fig. 3 . On average, pairs spent almost half of the day together. The stimulus foxes tended to spend more time in the resource cage compared to the test foxes (T 5 = 2.41, P = 0.061). At FR1 the test subjects visited the resource cage on average 30.3 AE 4. times, compared with 40.7 AE 9.6 for the stimulus foxes (T 5 = 0.94, P = 0.391). The test subjects' mean visit duration to the resource cage was 38 min 19 s AE 11 min 41 s, while it was 41 min 58 s AE 8 min 52 s for the stimulus foxes (T 5 = 0.23, P = 0.824).
Visits to the resource cage and time spent together with increasing access costs
All test subjects visited the resource cage less frequently with increasing costs (T 5 = 6.88, P = 0.001; Fig. 4a ) and they spent less total time inside the resource cage when access cost was raised (T 5 = 3.26, P = 0.023; Fig. 4b ). There was no significant increase in mean visit duration to the resource cage with increasing costs (T 5 = 1.46, P = 0.203; Fig. 4c ). As a consequence of the reduced time spent inside the resource cage, total time spent together with the stimulus fox also decreased with increasing costs (T 5 = 3.15, P = 0.025; Fig. 4d ).
Neither the stimulus foxes' visit frequencies, nor the total time they spent inside the resource cage, were affected by the reduction in visits from the test subject that occurred as costs increased (visits: T 5 = 1.0, P = 0.363; total time: T 5 = 1.0, P = 0.363). The stimulus foxes' mean visit durations were also not significantly affected by the reduced visit frequency of the test subject (T 5 = 1.0, P = 0.363).
Termination of visits by the stimulus fox
The mean number of visit terminations by the stimulus fox when visits were almost free (FR1) was 39.3 AE 2.6 and the relative visit termination rate was 1.43 AE 0.20 times per visit (Table 3) . When the termination rate was calculated based on the five highest cost levels, it was 2.49 AE 0.24 times per visit (T 5 = 3.04, P = 0.029).
Behaviour during social interaction
The occurrence of different behaviours was not significantly correlated with observation time (n = 6, P > 0.143), except for sniffing and grooming (r = 0.83, n = 6, P = 0.043). Fig. 5 shows the behavioural categories that were recorded during social interaction within daylight hours. All of the test subjects performed at least one of the distinct behaviours belonging to each behavioural Table 3 The dominance relation within pairs of foxes based on number and type of agonistic displays during the first encounters (N = number of encounters). Dominant animals signified in bold text. Also, direction of grooming is estimated by showing the frequency of individual collar replacements that were performed during the study. a Test fox was observed mounting the stimulus fox three times during two later observations (DRH320 (1) and DRH448 (2)).
b Stimulus fox was observed mounting the test fox once during this encounter. category except 'Explore locked gate', which was recorded in five of the test subjects. In total, the foxes spent 33.1 AE 6.9% of the entire observation time in synchronous resting, and this behaviour was recorded in five of the pairs. Resting without contact and resting close were the most common resting positions and were performed 12.8 AE 7.1 and 15.0 AE 6.8% of the observation time, respectively. Resting with contact was observed in only two of the pairs. No incidents of physical fights were recorded after the initial aggressive encounters at FR1.
Dominance relations and other asymmetries between the test and stimulus foxes
Based on the frequency of submissive and dominant postures during the first encounters, the test fox was determined the dominant animal in four of the pairs (Table 3) . To test whether initiation of some of the social behaviours differed according to social status, data from the pairs where dominance relations were established were analysed (n = 4). None of the behaviours was significantly affected by status (P > 0.300). However, cases of mounting were mainly observed in the dominant vixens. All of the test subjects chewed significantly more on the stimulus fox's collar (Wilcoxon, Z = 3.1, P = 0.002; Table 3 ). The collars of all the stimulus foxes were replaced at least once during the study, whereas none of the test subjects collars were changed (Table 3) .
Discussion
Our results show that farmed silver fox vixens will perform operant work for unrestricted physical access to a same-age vixen. They thus find access to another female reinforcing. Furthermore, when access to the stimulus fox was almost free, they visited the resource cage frequently and spent almost half the day together with the companion. The relative motivation for contact, measured as the maximum price paid, constituted approximately one-third of their motivation to access food, although this varied between the subjects. The experimental set-up imitated a standard housing system for farmed silver foxes in which foxes can see and hear each other, and thus their motivation to access other foxes was likely affected by resource cues (Warburton and Mason, 2003) . Thus, our results do not reveal whether silver fox vixens would miss social contact if fully isolated, but they do describe short-term patterns of satiation and deprivation that occur during the course of a day when social cues are available. As suggested by Warburton and Mason (2003) , testing animals in the presence of resource cues should be valid when addressing the applied question 'how motivated are foxes to interact with neighbouring foxes when they can see and hear each other'. Thus our results show that in standard farm conditions, where social cues surround them, vixens are motivated to have full social contact.
What motivated such interactions, and did such motivations vary between the test and stimulus fox? Typically, the vixens would fight during the initial encounters, but serious aggression was not recorded thereafter. During subsequent social interactions, behaviour was characterised by higher levels of social sniffing and grooming, play signals and agonistic displays. The most frequent agonistic display used by the vixens was the gaping signal, which serves to regulate social distance in red foxes (Fox, 1971) . Social grooming (or allogrooming) may, besides having a potential hygienic function, serve to establish or maintain social bonds in mammals (e.g. reviewed by Spruijt et al., 1992) and have calming and/or rewarding properties (e.g. it is a positive reinforcer for monkeys; Taira and Rolls, 1996) . Similarly, play may act to establish social bonds in animals (e.g. Bekoff, 1974) and may be experienced as rewarding (e.g. Van Ree et al., 2000) . However, not all of the time spent together was used for social interaction. About 33% of the time, foxes stayed together in the shared cage were spent in synchronous resting. This may have reflected a mutual motivation to stay inside the shared compartment for subsequent social interaction. Alternatively, the presence of a conspecific may also have had a calming effect (cf. 'social support': whereby, e.g. social contact reduces cortisol responses in guinea pigs; Hennessy et al., 2006 ) that possibly motivated both foxes to prolong their stay despite not being engaged in specific social interactions. Also, the test subjects sometimes investigated the locked gates leading to the stimulus fox's home cage, possibly implying a motivation to explore the stimulus fox's area.
Interestingly, in the four dyads for which we could judge a ranking our test subjects were socially dominant. This finding could indicate that subordinate vixens may be harder to train successfully in the apparatus, maybe because they have higher fear levels and are less explorative, with the consequence that they spend more time learning how to operate the apparatus. Consistent with this, Boissy and Le Neindre (1990) have observed reduced operant performance in fearful heifers. Alternatively, because the test subjects were housed for longer in the apparatus during training, and also were trained first, they may have perceived themselves to be 'residents' and would therefore have fought harder to maintain their residency (cf. increased aggression towards intruders in resident female Ozark zigzag salamanders, Plethodon angusticlavius, Mathis et al., 2000) .
Grooming, measured as the degree of chewing on and subsequent replacement of the collar, was directed mainly towards the stimulus foxes. There was no difference in the observed level of sniffing and grooming between the test fox and the stimulus fox during the daylight hours, but collars were usually replaced in the morning, indicating that extensive grooming bouts took place in the evenings and during the night. In a study of dispersal in red foxes, Harris and White (1992) used the extent of chewing on plastic ear tags as an indirect measure of grooming and affiliative behaviour in a group of red foxes in the urban area of Bristol, UK. If the degree of chewing on the collar in our study was a true measure of the extent of grooming, our results suggest that some forms of grooming are part of the dominant behavioural repertoire in farmed silver fox vixens. This might be expected if gnawing on the collar required the recipient of 'grooming' to assume an immobile posture for a long period, which is more likely if the recipient is subdominant. However, in another study on social motivation in silver fox males (Hovland, 2005) , conducted at the same period as the current social test and using the same type of collars, none of the collars (n = 3) needed to be replaced because they were not chewed to the same extent (personal observation). Harris and White (1992) found that females were groomed to a greater degree than were males, a finding that is in accordance with our observations and which indicates that vixens spend more time performing affiliative behaviour and may form stronger social bonds compared to males.
In operant set-ups where subjects are free to decide their own bout length increasing costs may lead to behaviour rescheduling where the animal prolongs visit duration to compensate for the increased access fees (Cooper and Mason, 2000) . In this study, there was no such significant increase in visit duration with increasing costs in contrast to a previous study by Hovland et al. (2006a,b) where male foxes worked for social proximity and prolonged their visits when costs were raised. One reason for not prolonging social visits may be that our subjects had access to unrestricted social contact and thus were more easily satiated, as compared to studies where animals are just allowed restricted contact. Alternatively, to compensate, the foxes could have intensified their social interaction instead of prolonging visits (cf. reducing 'dead-time ; however, our behavioural data were not sufficient to test this prediction.
An important aspect of the foxes' social interactions was the stimulus fox's opportunity to terminate the visits, and our data showed that they used their opportunity to leave the resource cage one to two times per visit when visits from the test fox were frequent (at FR1) and two to three times per visit when visits from the test fox were less frequent (at high costs). The motivation to withdraw from social contact could have been to avoid aggression from the test fox; alternatively, withdrawal might have been used as a submissive signal. Because aggression was rare and the agonistic behaviour observed mainly consisted of gaping signals the withdrawal opportunity may have acted as a potential 'buffer' against further aggression. One alternative explanation for the stimulus foxes' active use of the home cage could be its mere availability. This is supported by the fact that the stimulus foxes' visits to the home cage were often of short duration and were occasionally seen during play sessions (personal observation), aspects that do not support the idea that they used the cage for protection from aggression.
In regard to the social motivation of the stimulus fox, the results showed that time spent in the resource cage was unaffected by the reduction in visits from the test fox. This could suggest that the stimulus foxes were not motivated to be alone, and thus continued to stay in the resource cage to get close to the test fox. Alternatively, continuing to stay in the resource cage could imply that motivation to be social or to be alone was not the only precondition for the stimulus fox's decision to enter the resource cage. Possibly, the stimulus foxes were also motivated to access the resource cage to perform locomotor behaviours because of the restricted space in their home cages.
We conclude that our test subjects were motivated for social contact and that the occurrence of play and low levels of overt aggression show that silver fox vixens may benefit from social contact with another same-age vixen, at least until some weeks prior to the start of the breeding season. However, further questions need to be addressed before making specific recommendations for fur farms. The first is how such motivations change over time: our trial ended 2-4 weeks prior to the beginning of their reproductive period, and it would be interesting and important to examine how the nature and strength of social motivation change with reproductive status. The second is the issue of individual variation in social motivation: are some foxes inherently more sociable than others, or is social motivation more a product of the characteristics of the potential partner? An important issue to emphasise is that our subjects had the opportunity to leave the shared compartment, and could withdraw from further contact whenever they chose. To investigate whether such opportunities for control are important for well-functioning relationships, the welfare consequences of pair-housing silver fox vixens given various opportunities to withdraw from contact should be examined in future studies.
